'Cataclysmic variables' are binary star systems in which one star of the pair is a white dwarf, and which often generate bright and energetic stellar outbursts. Classical novae are one type of outburst: when the white dwarf accretes enough matter from its companion, the resulting hydrogen-rich atmospheric envelope can host a runaway thermonuclear reaction that generates a rapid brightening [1][2][3][4] . Achieving peak luminosities of up to one million times that of the Sun 5 , all classical novae are recurrent, on timescales of months 6 to millennia
. Here we report the recovery of the binary star underlying the classical nova eruption of 11 March ad 1437 (refs 12, 13), and independently confirm its age by propermotion dating. We show that, almost 500 years after a classical-nova event, the system exhibited dwarf-nova eruptions. The three other oldest recovered classical novae [14] [15] [16] display nova shells, but lack firm post-eruption ages 17, 18 , and are also dwarf novae at present. We conclude that many old novae become dwarf novae for part of the millennia between successive nova eruptions 19, 20 . One of the best located novae of antiquity, recorded by Korean royal astronomers, erupted on 11 March ad 1437 (ref. 21) . It lay within the asterism Wei (the tail of the constellation Scorpius), within half a chi (roughly one degree) of one of the stars ζ Sco or η Sco (see Methods). It was seen for 14 days before vanishing, consistent with it being a fast-declining classical nova, and ruling out the possibility that it was a supernova.
We began by searching a pair of U-and B-band photographic plates from 1985, obtained with the Anglo-Australian 1.2-metre Schmidt telescope, that were centred on Scorpius; our search yielded dozens of ultraviolet-bright objects, but only one that was surrounded by a clear, shell-like structure. The shell is marginally visible on other skysurvey plates, but is seen clearly in a narrowband Hα image (Fig. 1) . The central star of the Scorpius nebula is not a cataclysmic variable. However, a star located about 15″ from the shell centre is both the strong-emission-line cataclysmic variable 2MASS J17012815-4306123 and the variable X-ray source IGR J17014-4306 (ref. 22) .
The measured proper motion of this magnitude-17 cataclysmic variable, which is listed in multiple catalogues, displays large scatter. This is because all of the Southern Hemisphere catalogues to date are limited to short, 20-year baselines, and because the star is blended with the image of a nearby neighbour. However, we have located the star on the digitized DASCH 23 (Digital Access to a Sky Century @ Harvard) photographic plate A12425, taken in 1923 (see Fig. 2 for details). We measured the cataclysmic variable's position relative to that of nearby stars both on that plate and on a sub-arcsecond charge-coupleddevice (CCD) image taken in 2016 (see Methods). The resulting 93-year baseline has enabled us to measure the cataclysmic variable's proper motion with far higher precision than was previously possible, showing that μ α (the angular change in the star's right ascension, RA) is − 12.74 ± 1.79 milliarcseconds per year, and μ δ (the angular change in the star's declination, dec.) is − 27.72 ± 1.21 milliarcseconds per year.
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Figure 1 | The recovered nova of ad 1437 and its ejected shell. This Hα image was taken with the Swope 1-metre telescope and its CCD camera in June 2016, with a total of 6,000 seconds of exposure. Images taken by Swope were processed and combined with standard PyRAF and IRAF procedures. Here, north is up and east is to the left. The location of the cataclysmic variable in 2016 is indicated with red tick marks. Its proper motion places the ad 1437 cataclysmic variable 7.4″ east and 16.0″ north of its current position, at the red plus sign. The position of the centre of the shell in 2016 and its deduced position in 1437 (see text) are indicated with blue and green plus signs, respectively. The 1437 positions of the shell centre and of the cataclysmic variable agree to within 1.7″ , and their 1σ error ellipses overlap.
(We determined the 1σ errors empirically from the proper motions of dozens of stars on both plates.) This measured proper motion places the cataclysmic variable, in ad 1437, at RA = 17:01:28.53 ± 1.0″ and dec. = − 43:05:56.7 ± 0.7″ (coordinates given in the J2000 system). The centre of the nova shell in 2016 is determined from its edges (see Fig. 1 and Methods) to be at RA 17:01:28.55 ± 1.43″ and dec. − 43:05:59.3 ± 0.4″ .
Unlike their underlying cataclysmic variables, nova shells decelerate by sweeping up interstellar matter, halving their speeds on a mean timescale of 75 years 24 . Assuming that the Nova 1437 ejecta initially had the same proper motion that we measure for the cataclysmic variable, and that this value has been halved every 75 years since, then the shell centre in 1437 must have been located + 1.43″ (east) in right ascension and + 3.1″ (north) in declination of its 2016 position, at RA 17:01:28.68 ± 1.43″ and dec. − 43:05:56.2 ± 0.4″ .
The difference between the centre of the nova shell in 1437 and the proper-motion-determined position of the cataclysmic variable in that year is 1.7″ . The 1σ error ellipses of the two positions overlap, confirming that the cataclysmic variable is in fact the nova of ad 1437 and the source of the shell that we observe today. Fortuitously, this cataclysmic variable is a deeply eclipsing binary star, enabling us to measure its orbital period (0.5340263 ( ± 5 × 10 −7 ) days), and to characterize its stellar components (see Methods). Figure 3 shows a DASCH-based light curve of the cataclysmic variable from 1919 to 1951. Three dwarf-nova eruptions (in 1934, 1935 and 1942) are clearly seen, wherein the cataclysmic variable brightened by two to four magnitudes. In Fig. 4 we show images before, during and after one of these dwarf-nova eruptions (from 1942). The classical nova of 11 March 1437, seen 497 years after eruption, has become a dwarf nova, supporting the view that novalike binaries and dwarf novae are indeed the same systems, seen at different times after classical nova explosions 20 .
Online Content Methods, along with any additional Extended Data display items and Source Data, are available in the online version of the paper; references unique to these sections appear only in the online paper. , so that half a chi in China was roughly in the range 0.22-1.4 degrees. There is no similar determination for the Korean chi.
The Sejong Sillok refers to the guest star as being between the second and third stars of Wei, while the date corresponds to 11 March ad 1437. Wei, the sixth lunar lodge, contained nine stars in Scorpius 26 .
Given that μ Sco is adjacent to ζ Sco, it is also reasonable to identify μ as the second star of Wei, as mentioned in the guest-star text. The guest star would then be in the range 0.22-1.4 degrees north of ζ Sco. Searches based on this predicted position have proven fruitless 12, 13 . An alternative numbering of the stars of Wei is based on μ Sco, the determinant star of Wei, which fixed the boundary of the lunar-lodge RA zone. Starting from μ Sco, and proceeding strictly clockwise around Wei, the second star in the text would be ζ Sco, while the third would be η Sco. If this numbering is correct, then one should find the old nova between ζ Sco and η Sco-that is, to the east of ζ Sco. This is, in fact, where we find the cataclysmic variable and nova shell that are the subject of this study. In light of the uncertainties noted above concerning the numbering of the stars in Wei in Korea, the size of the Chinese chi, and the even greater uncertainty of the size of that unit in Korea, we conclude that the observed angular distances of 1.95 degrees and 1.55 degrees from the cataclysmic variable to η Sco and to ζ Sco, respectively, are in reasonable accord with the historical text. The nova shell and its centre. The nova shell was imaged with the 1.0-metre Swope telescope at Las Campanas Observatory on 15 and 17 June 2016. The observations were carried out with an E2V CCD231-84 CCD camera with a pixel size of 0.435 arcsec. The total exposure time was 6,000 seconds through a narrowband Hα filter. The images were reduced with standard IRAF procedures. The cataclysmic variable is not at the centre of the nebula (Fig. 1 ). The nova shell shows complex morphology, with a number of brighter knots, and strongest emission at the southeast edge of the nebula. Moreover, there is a faint outer lobe of nebulosity to the northwest of the nova shell. At the northeast corner of the nebula there is a faint tail-like structure extending up to a few arcmin away from the nebula. Radial velocities will be required to distinguish shell material from diffuse interstellar gas emission, which is strong in the direction of Scorpius.
We used the outer edges of the Hα shell to determine the centre of the shell 27 . An initial cut through the shell in the north/south direction was perpendicularly bisected, and the centre of the bisector was retained as the starting centre position. A new cut through the starting centre was made approximately 10 degrees clockwise from the starting cut, and then it was perpendicularly bisected, again retaining the centre of the bisector as the next centre position. This procedure was repeated twelve times until the centre measurements converged to within a pixel of each other. The last five iterations-where the convergence was strongly evident-were averaged together to obtain the measured centre, with the standard deviation of those five positions used as the 1σ uncertainty on each measurement. The nova orbital period and ephemeris. Photometric monitoring of the system was carried out with four telescopes. On 27, 29, 30 and 31 July 2016, we observed the old nova with the 2.5-metre Du Pont telescope at the Las Campanas Observatory, using the SIT e2K-1 camera and a V filter. Exposure times were 30 seconds on 31 July and 40 seconds on the other nights. On 15, 16, 20, 23, 24, 25 and 26 August 2016, the object was observed with a Sutherland high-speed optical camera 28 on the 1.0-metre South African Astronomical Observatory telescope, using the g′ filter and with 4 × 4 binning. The exposure times were 15 seconds on 20, 25 and 26 August, 25 seconds on 23 August, and 20 seconds on the other nights. On 12, 13, 20 and 21 September 2016, the nova was observed with the Swope telescope in the B band. The exposure times were 180 seconds. On 21 July 2014 the nova was observed in white light with a Sutherland high-speed optical camera 28 on the 1.9-metre South African Astronomical Observatory telescope with 5-second exposures. The data were processed with standard IRAF procedures. The magnitudes were transformed to a standard system, using all of the stars in the field of view of each of the telescopes as standard stars. The reference magnitudes were taken from the American Association of Variable Star Observers' All-Sky Photometric Survey 29 .
The cataclysmic-variable light curve shows deep and short eclipses, and ellipsoidal variability (Extended Data Fig. 1 ). We applied the phase dispersion minimization 30 methodology, which is well suited to light curves with long gaps and relatively short eclipses; it determined the orbital period to be 0.5340257 days, or 12 hours 48 minutes 59.8 seconds (Extended Data Fig. 2) . We also fit a linear ephemeris to the measured times of eclipses, which gave a minimum heliocentric Julian day (HJD) of: where E is the number of orbital periods since HJD min = 2457626.3643. A detailed view of the eclipses in three passbands is shown in Extended Data Fig. 3 . The white-dwarf spin period. In addition to the orbital-induced variability, there is a periodic variability on a timescale of 30 minutes that is visible outside of the eclipses. We fitted and removed a low-order polynomial from each data set to remove orbital-induced variability. Discrete Fourier transforms performed on these altered light curves with the Period04 program 31 resulted in an ephemeris of:
2457625 059060 ( 6 10 ) 0 0215175 ( 8 10 ) ( 2) max 6 7
for the maxima of this variability. Over the 11 days monitored by the Sutherland high-speed optical camera, the period remained stable at 1,859.112 seconds, demonstrating that this variability is not flickering, but instead is due to the spin period of the white dwarf. This, in turn, suggests that the system is an intermediate polar (as does the presence of He ii emission; see below). The object shows two pulses per period, with different amplitudes (Extended Data Fig. 1 ). The detailed analysis of the pulse profiles is beyond the scope of this paper, though we note that the pulse profiles varied slightly from night to night. The nova was observed with the Chandra Advanced CCD Imaging Spectrometer (ACIS) 32 , which covers the energy range 0.2-10 keV. The observation was performed on 30 June 2015 and the total exposure time was 10.07 ks. We extracted the light curve using the software programs CIAO version 4.8.1 (ref. 33 ) and CALDB version 4.7.2. The adopted bin size of the light curve was 120 seconds. The object showed spin variability related to the spin period, similar to that observed in the optical range (Fig. 2) . We performed a discrete Fourier transform on the Chandra light curve and calculated the errors using a Monte Carlo simulation with the Period04 program. The resultant period of 0.0218 ± 0.0003 days (1,859 ± 26 seconds) is consistent with the period derived from the optical data. The simultaneous presence of the same periodic variability in X-ray and optical bands, measured a year apart, confirms that this permanent period is indeed the spin period of the white dwarf. The white-dwarf mass. We obtained low-resolution, long-slit spectra of the cataclysmic variable and its shell (Extended Data Fig. 4) with the Robert Stobie Spectrograph (RSS) 34, 35 and the 10-metre Southern African Large Telescope (SALT) 36, 37 . We employed grating PG0900 and a slit with a projected width of 1.5″ , which resulted in a resolving power of about 1,000. The observations were reduced using standard IRAF procedures and the SALT RSS science pipeline . This is consistent with an E(B-V) of around 0.3, because the system velocity, from the radial-velocity curve, implies a line-of-sight column that is about 10% of the total.
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Given that three of these spectra were, fortuitously, taken close to both spectroscopic quadratures, we can estimate the preliminary radial-velocity amplitude of the secondary star (see Extended Data , where M is the mass of the Sun. The best fit to the four radial-velocity data points results in a secondary velocity of K sec = 260 ± 6 km per second, with the spectroscopic conjunction occurring 0.035 orbital periods after the eclipse (Fig. 4) While the phase shift might be the result of small-sample statistics (only four radial-velocity points), such a shift between spectroscopic conjunction and photometric eclipse is not unusual in magnetic cataclysmic variables. The eclipse in such cases is not that of the white dwarf but rather that of the principal accretion spot, which can be displaced from the line connecting the two stars 40 . The mass functions obtained here demonstrate that the white dwarf must be massive and that the secondary star must be evolved. Nova 1473 ad was rather fast, being visible for only 14 days, so the white-dwarf mass 7 is likely to be greater than 1.0 M . For a white-dwarf mass in the range 1.0-1.4 M , the mass of the companion is 0.3-0.76 M if K sec = 220 ± 27 km per second, and less than about 0.2 M if K sec = 260 ± 6 km per second. Given that the secondary star is filling its Roche lobe, we can estimate the system distance (d). For a white dwarf of mass 1.0 M , the system distance is in the range of some 650 to 980 parsecs (pc), while for a white dwarf of mass 1.4 M , the system distance is about 540 pc.
The cataclysmic-variable emission lines have variable, complex profiles, but the changes do not seem to show orbital modulation. They may be varying on shorter timescales related to the 1,859-second rotation period of the white dwarf. The spectrum of the brightest knot (southeast of the cataclysmic variable) in the shell reveals many emission lines (see Fig. 2 The Korean historical records note that Nova Scorpii disappeared after 14 days, so it was a fast nova, and the velocity of material initially ejected must have been more than 1,200 km per second 7 . The ejecta spectrum (Fig. 4) is of low resolution, but with it we are able to place an upper limit of 300 km per second on the current ejecta velocity. Thus the shell has been decelerated to 25% or less of its initial speed, which can happen only if it has at least quadrupled its own mass.
Even if the ejected shell only underwent two successive mass doublings (and it may have undergone seven or eight such doublings), a hard upper limit on the mass ejected in the nova eruption is M ej < 10 
